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A fixed pulley has a wheel that does 
not move from its position. It only 
turns around and around. 












Flagpoles have fixed 
pulleys. The flag starts 
off at the bottom of the 
pole. When you pull 
down on the rope, 
the other end moves 
up. The flag is 
attached to this end, 
So it also moves up 
the pole. 
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A fixed pulley‏ مر 
changes the direction‏ 

of the force you put in, 

but not the amount of force 


۹ you need to do the job. : 





Moving Pulleys 





There are two types of pulley: a fixed pulley and a 
movable pulley. A movable pulley uses a wheel that is 
not fixed in one place, so it can move along the rope. The 
moving part of the pulley is usually joined to the object 
you want to lift. The other end of the rope is fixed to 
something solid above the object you want to lift. 






pull here 


something 
solid 
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pulley wheel 


heavy object 


Movable pulleys can help 
you lift heavy objects you 
would not be able to lift on 
your own. 









With a single movable pulley, you have to use your effort 
force and pull in the same direction as the object you 
want to lift. You need to pull the rope over 


a longer distance, but you need less 
effort force to lift the weight. 







Climbers sometimes use 
movable pulleys to rescue 
other climbers who have 
fallen. A movable pulley 

is attached to a rope on 

a climber’s belt. The 

other end is attached to 
another climber who 

also has a pulley on his 

or her belt. If one climber 
falls, the other can use the 
movable pulley to help 
pull him or her back to safety. 





The movable 
oulley on the stretcher 
helps the rescue team pull the 
injured climber up. 





Combined Pulleys 





A combined pulley has at least two wheels that turn 
as you pull on a rope. This is the most useful way to 
use pulleys. 


Combined pulleys usually have one fixed pulley at the 
top, which is joined to something solid. There is also 
usually one movable pulley, which is joined onto the 
object that you are trying to lift. The fixed pulley changes 
the direction of the force you put in. The movable pulley 
increases your force so that you can lift heavy weights. 


Combined pulleys 
are very useful 
machines! 


B = 





something solid 


movable 
pulley 





pull here hay 


object 








How Much Do Pulleys Help Us? 
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At the gym, some people 
use machines with pulleys 
to lift weights. The machines 
exercise different parts of 
the body. Pulleys are used 
to change the direction of 
force that you need to lift 
the weights. For example, 
you might push down to lift 
a weight up. This means 
that they usually use 

a fixed pulley. 





This machine has a 
handle that people pull 
down on to exercise. 





What Is a Gear? 





A gear is made up of two or more cogs. A cog is a wheel 
that has “teeth” around the edge. The teeth in the cogs fit 
together. When the first cog turns, the teeth push against 
the teeth in the second cog. This makes the second cog 
turn in the opposite direction. If you add a third cog, then 
it turns in the same direction as the first cog. 






- Ifyouturn ` 

the first cog, how 

many of the other cogs in this 
photograph will turn? 








The cogs inside gears are 
not always right next to each 
other. Cogs can be 
joined together by 
belts or chains. 


bottom cog 





An escalator is a machine that you use instead 

of stairs. It uses gears. A motor turns the top cog. 
A belt joins the teeth of the top cog to the teeth in 
the bottom cog. This means that one motor can 
turn two cogs. When cogs are joined with a belt 
or chain, they turn in the same direction. 








How Do We Use Gears? — 





We can use gears to change the speed of something 
that turns. To do this, we need different sized cogs 
working together. 


Cogs work together 4 
to control the speed ፈ 
of this toy car. 





Fast to slow... 

1. Find one plastic cog with 24 teeth and one smaller cog with 12 teeth. 
2. Join the cogs by locking the teeth. 

3. Turn the small cog around for one full circle. The small cog has 


moved 12 teeth, and so has the large cog. The large cog |5 moving 
more Slowly, so it has only moved half a circle. 

Slow to fast... 

1. Now, turn the large cog in one circle. What happens? 




















Bicycle Gears 





On a bicycle, gears of different sizes are fixed together. 
The gear cog by the pedal and the gear cogs of the back 
wheel are linked together by a chain. This fits over the teeth 
of the cogs. The chain always stays around the pedal gear 
cog, but it can move between 
the different sized 
back gear cogs. 







When you 

change gear, the 
۱ chain lifts off one gear 
> cog and onto another. 








The cog joined to the pedals drives all the cogs. 
You make this gear turn by pushing the pedals with 
your feet. 
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Groovy Gears 





Special gears called worm gears can be used to change 
the direction and speed of a turn. A worm gear has a rod 
with a screw shape on it. It also has a cog with teeth that 
fit into the spaces in the screw. 


Worm gears are useful because they can slow down 
movement. When you turn the cog quickly, the rod 
with the screw moves much more slowly. 


When you turn the cog, 
the teeth push against the 
Spaces in the screw and 
make it turn slowly. 










Another type of gear is called a rack and pinion. This gear 
can turn turning movement into back and forth movement. 


A rack and pinion is made up of a cog and a straight piece 


of metal with teeth in it. When the cog turns, the teeth push 
against the teeth of the piece of metal. It moves forward 
or backward. 
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Some car windows 
use a rack and pinion 
gear. When the handle 
turns around, the window 
moves up and down. 








Gears in the House and Garden 





A lawn sprinkler is a machine that uses lots of gears. 
The water flows into the sprinkler and turns a wheel 
called a turbine. The water then pushes out through 
holes in the top of the sprinkler. 


The turbine spins very fast, so there are some worm gears 
inside that slow down the movement. The slow movement 
then drives a crank. The crank changes the turning 
AAA movement into a side-to-side 
MW. 1 movement, so that the 
water reaches a large 
part of your garden. 
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Lots of simple 
machines work 
together inside a 
lawn sprinkler. 










)73 ا 
ን ۹‏ 
l A‏ 
































2. Spring: The spring 
unwinds slowly and 












A The clockwork radio 


is 2 Compound machine. 
Py 





of simple machines inside it. 


1. Handle: You turn the handle to wind 
up the metal spring (see 42). When 
you stop winding, the spring wants to 
return to the shape it was before. 









- 


پک 


3. Gears: The gears are used to turn the slow 
novement into fast movement that can make 
electricity. As the fast gear cog turns, it makes 
electricity that allows the radio to work. 
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A clockwork radio 

doesn’t need electricity 

to make it work. You give it 
power by winding it up. 


The clockwork radio is very important for people in 
places where there is no electricity supply. A radio helps 
people learn what is happening in the world and gives 
them important information when there is an emergency. 


All sorts of machines use pulleys and gears to do lots 
of different things. Take a look around your house 
and see how many you can find! 





Find Out for Yourself © 





You can find out about pulleys and gears by talking to 
your teacher or parents. Think about the simple machines 
you use every day. How do you think they work? Your 
local library will have books and information about this. 
You will find the answers to many of your questions in this 
book, but you can also use other books and the Internet. 


Books to read 


Douglas, Lloyd G. What Is a Pulley? Danbury, Conn.: 
Scholastic Library Publishing, 2003. 

Oxlade, Chris. Very Useful Machines: Pulleys. 
Chicago, Ill.: Heinemann Library, 2003. 


Using the Internet 


Explore the Internet to find out more about pulleys 
and gears. Try using a search engine such as 
www.yahooligans.com or www.internet4kids.com, 
and type in keywords such as “pulley,” “gear,” and 
“worm gear.” 





Glossary © 





axle thin bar (rod) that goes 
through the center of a wheel or 
group of wheels 
cog wheel with teeth around 
the edge 
combined pulley pulley made up 
of a fixed pulley and a movable 
pulley working together 
compound machine machine that 
uses two or more simple machines 
crank part of a machine that 
changes turning movement into 
side-to-side movement 
effort force push or pull that you 
put into a pulley or gear to move or 
lift something 
engine machine that can make 
things move 
fixed pulley pulley that changes 
the direction of the pull you put 
into it 
force push or pull used to move 
or lift something 
grind smash up into little pieces 


invent discover or make 
something for the first time 


mechanical advantage whena 
machine is used to turn the small 
force (amount of push or pull) you 
provide into a larger force 


motor machine that can make 
things move. Motors usually work 
using electricity. 

movable pulley pulley that makes 
the pull you put into it bigger. It 
helps you lift heavy objects. 

rack and pinion gear that 
changes turning movement into 
back and forth movement 

rod thin bar, usually made of 
metal or wood 

simple machine something that 
can change the effort force (push or 
pull you provide) needed to move 
something or change the direction 
it moves 

worm gear screw and cog 
working together 











axle 4, 28 


beater 25 
belt 17 
bicycle 5, 20-21 


cars 5, 26-27 

chain 17, 20, 21 

clockwork radio 28-29 

6085 5,16, 17, 18, 19, 20, 21, 
22, 23, 25, 26, 28 

combined pulleys 10-11, 12, 13 

compound machines 28 

crane 13 

crank 24 

curtains 6 


effort force 9,11 
escalator 17 


fixed pulleys 6-7, 8, 10, 
14, 15 

flagpole 7 

force 7, 9, 10, 11, 12, 13, 14, 
15, 21 


gearbox 26 
gears 5,16-27, 28 
gym machines 14 


lawn sprinkler 24 
lifting 8, 9, 30, 11, 13, 14, 15 


mechanical advantage 11 
motors 12, 13,17 
movable pulleys 8-9, 40 


pulleys 4,6-15 


rack and pinion 23 
rope 4, 8, 10, 2 


simple machines 4,5, 24, 28, 30 
Speedometer 27 


Spring. 28 

teeth 5,16, 17, 18, 25 

toycar 18 

turbine 24 

well 15 

wheels 4, 5, 7, 8, 10, 11, 16, 21, 
7۳ 26, 7 


windmill 9 

window cleaning 2 
window winder 23 
worm gears 22, 24, 27 
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